Kate Mueller: I would probably make similar divisions as Jeff, but coming at it from a standpoint as a student and seeing the other students in the program, I would say that each of us specializes in one of those three broad areas.
My perception of big data from the student side is that there is not a great deal of consensus about what it actually is. It is a very popular buzzword. It gets thrown around a lot. How people who are creating and using the tools use the term is sometimes very different from how people in business who are trying to figure out what big data is use the term. I think a lot of the business side is a little bit more about master data management than it is necessarily big data in the more technical sense.
Edd Dumbill: Shelly, coming from your viewpoint on the industry side, are these labels useful and does the breakdown that Jeff discussed make sense to you when you are looking for new hires?
Shelly Farnham: Yes. Two things I would add are thinking about what big data is in its more practical standpoint: Data that is so large you cannot analyze it on your own machine, and so you need the tools and infrastructure in order to do that kind of large-scale analysis. That is not something that you can usually find in desktop applications. You usually need a Hadoop server somewhere, or Cosmos, that sort of a thing.
Also, in thinking about the nature of the problems that you can solve, when you are thinking about big data, the scale is very different. So instead of thinking about it as a social scientist studying a few people in the lab, you are talking about actually analyzing patterns across an entire society, which then affects what kind of issues or problems you can address.
Edd Dumbill: Given this overview of data science, where do you think the biggest challenges lie in educating students? What are the main skill sets they need and the biggest demand from industry? Elizabeth D. Liddy: People come to data science either from the collection and curation side-and this may be someone who has worked in a science lab who has been responsible for keeping track of the data for a number of researchers-or the business side, which is, what are the business analytics? What is it we are trying to learn from it? What are the algorithms? What is the language we are going to use?
A focus that we have had is putting these pieces together, because it is a true life cycle, and what I find from the students is they come to our Certificate of Advanced Study (CAS) in data science to get in-depth knowledge on both of those sides of it. That is the goal of our CAS.
Jeff Stanton: From a teaching perspective, as a faculty member I can teach someone how to do a t-test in 10 minutes, and I can teach them how to write a Python program in half an hour, but what I cannot teach them very easily is the domain knowledge. In other words, in a given area, if you are from healthcare, what you need to know in order to be effective at analysis is very different than if you are in retail. That underlying domain knowledge, to be able to have a student come up to speed on that is very hard.
For that, we really need a partnership with people in industry because there is a component of the educational process that really depends on our industry partners to help our students understand the domains where their skills will be applied.
Edd Dumbill: That makes a lot of sense. Do you find, incidentally, that you have many students coming from the physical sciences? One of the things that is often said is the first data scientists were all high-energy physicists.
Jeff Stanton: Well, we in fact had a different label for our program a few years ago. We called it e-science. At that time, a substantial number of folks in the program were coming in not necessarily from high-energy physics but from the sciences in general. What we have seen across the board is that as the industry interests in data science across all sectors-education and government and so forthhave grown, so has the interest level of students. Students are coming from all over now, rather than just from the sciences.
Kate Mueller: Yes, I would agree with that. I am a ''data geek,'' so for me it is a natural fit, but there are a lot of fellow students coming at it more with a library background or more of a business background, so less emphasis on the tools themselves but more emphasis on trying to figure out what kind of insight you are trying to derive and what kind of problems you are trying to solve. That is definitely a big shift just from the more strict science side of it.
Shelly Farnham: I was just thinking through these categories-analytics, infrastructure, and curation-and the direction of this conversation and perhaps another category I might add is design. How big data informs design, how can you leverage data in the user experience, both for end-user consumers but also research scientists. 
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design, which we now have been teaching for several semesters and is, like you say, very important.
Jeff Stanton: The user experience-is a very good point.
Elizabeth D. Liddy: Yes. And I wanted to add that another huge group of students who are interested in this are cohorts of individuals we see coming to us from either a particular corporation or from a division of the government who say, ''You have a 15-credit, online available CAS. What we would like to do is have a whole cohort of our employees come take the course as a cohort and work with our own data within that section of the course.'' Edd Dumbill: Let me bring in the idea of the toolkit of a data scientist, because what we are observing now is that this is a field that is exploding in terms of the tools that can be used, especially around Hadoop. This leads to the question: How can an institution actually prepare students in an environment like this where all the tools are moving so quickly? Elizabeth D. Liddy: One possible way is partnership with those who are creating the tools. Shelly was just here and gave a wonderful talk, and a lot of it is sharing the tools with the students and ensuring they are involved in next versions. That is one way for the students in our instruction to keep up with the latest and the best tools.
Shelly Farnham: I do not know how you teach someone to love to learn, but being self-motivated is integral to this field. Once you have the core concepts, to be able to be really excited about, and continue to seek out, new information is something that I look for, for example, when we are recruiting people. Are you the kind of person who does not just learn what is in the school, but you are tracking the blogs and you are tracking the industry? Are you excited to download something and try it out just because you got a recommendation from a friend? Are you that kind of person who is constantly engaged and able to learn independently?
Jeff Stanton: That is really key for me. If you have curiosity and you have learned one thing, like you have learned Hadoop, then you can move on to other things. You get the concepts and you can apply it. There is no way educationally that we can keep up with the pace of generating new tools, but somebody who loves to learn and knows how to learn, they can continue to do it on their own.
Kate Mueller: One of the interesting things for me is that I come from a database development background, and the difference in looking at relational databases versus the field of big data is that if you are looking at relational database jobs, a lot of what you are talking about is: do you have familiarity with SQL? If you know that, you have the right kind of mindset and sense of logic to learn any specific detailed system. I think the same kind of principle applies to the field of big data, except that there is not one agreed upon technology that is a standard. So what the curriculum here focuses on is teaching that kind of analytical, engaging mindset so that you can pick up any tool that you need to pick up, rather than sending you down the path of: this is the tool you are going to use for this, since it is such a budding and constantly changing field.
I think the emphasis has to be on teaching and encouraging students to think outside the classroom, as Shelly mentioned, but also be curious and willing to try things and fail in the effort of learning something new that has just kind of hit the scene and figuring out what it is capable of doing.
Edd Dumbill: Certainly that entrepreneurial and exploratory element seems to be one of the big keys for data scientists. Thinking about the students that you are preparing, I know, Liz, you mentioned that sometimes companies come to you. We have all heard through the McKinsey reports and various other stories that there is a shortage of data scientists. In your interaction with industry, do you believe that they are feeling that shortage right now? If so, how do you think, as a school, you can help address this shortage? Elizabeth D. Liddy: I think they are. I was speaking at an event recently and talked to representatives of three different large corporations, all of whom were very interested in pursuing the opportunity to have cohorts of theirs take the online CAS. The way they are preparing is they know they have clever people. They have people who have an interest in this. What they are going to do is update their skills, so you may know one part of it, but in order to do the task and the full life cycle that we want done, you need some additional skills. That is what I am hearing.
Jeff Stanton: The demand side is very strong. I was talking to another faculty member recently who was on the phone with a large manufacturing company from the Midwest who was saying, ''We need about 80 or 90 people with analytic skills. How soon can we come and recruit your graduates?'' going to be a while before we can supply 80 or 90 people to one company. We are a ways off from that.
Edd Dumbill: Given the number of intakes that you would need for that then, do you think there is work to do to publicize data science as a career path for students?
Jeff Stanton: I think there is definitely work to do, but there are some really good signs that we are starting to turn the corner. Kate, earlier in the conversation, said that she was a data geek. Just based on what I know of the research, even five years ago people would not label themselves as geeks because it was stigmatizing. The tide has turned and we are beginning to see a groundswell certainly among undergraduates who are okay identifying themselves as data geeks.
We have to work with that pipeline of students and in some cases need to bring them up to speed on quantitative skills and some of the technology skills, but I am optimistic that that is going to happen. I think if the interest in industry sustains data science, we will have people that want to do it because they see the potential there.
Elizabeth D. Liddy: Another area of emphasis here in our school is entrepreneurship. So at the moment, there are 34 student-startup companies. Most of them are kind of geeky. They like hands-on, intense time to solve a problem together. Not all may end up being so interested on the business side of entrepreneurship, but they sure like that hands-on viewpoint: ''This is data, let me have an impact. Let me do something with it.'' Jeff Stanton: The demand for our programming courses a few years ago was not very strong. Then once we started really focusing on entrepreneurship and people began to try starting their own companies and coming up with their own ideas, they realized that they really needed those skills in order to be able to create. It ties in beautifully with the Maker Movement that we have heard so much about-data science is really about building things that can lead to better decision-making.
Shelly Farnham: It is an exciting time where there is so much data available to play with, to mash up and merge in new and interesting ways. I think just that ease of availability is one of the really unique aspects of our time.
Jeff Stanton: Do you want to talk about your project a little bit, Shelly?
Shelly Farnham: Sure, I work in FSE Labs, which is Future Social Experiences, and we explore projects trying to think 3 to 5 to 10 years in the future. One of our projects is social, SO.CL, which is really focused on helping people leverage the Internet and finding and searching and sharing with each other.
One of the projects that we have been doing is an experimental project where we really want to use it as a vehicle for developing relationships with the research community as a whole. And so we instrumented the whole system, all the public behavior within the system, and made it available for researchers to play with and do research around.
Jeff Stanton: That is a great example of the increase in the amount of interesting data that is available. I know for my students, one of the things that really got them interested in playing with data was the availability of the API for Twitter, so you can mine Twitter data with a couple of commands, and people love that. That is really powerful.
Edd Dumbill: The human element in data is definitely very strong and has brought a lot of people into it. Next, I'd like to look at the students you are turning out. I wonder if you could give us a bit of a flavor of the kinds of jobs they are going into, and the kind of companies that are asking for them?
Jeff Stanton: Maybe we could start by asking Kate to see what kind of job she would like?
Kate Mueller: That is the million-dollar question. Trying to pick an area to focus on has probably been the biggest challenge for me personally. I probably fall more into either infrastructure or design if we are talking about big-data buckets. I enjoy analytics, but I think first and foremost it is about the database person in me. I think you have to have a method to get the data that you need to analyze. You need to have a way to present that in some fashion that is actionable and is accessible.
That said, when I look at jobs, if I am not searching ''data scientists,'' it is very hard to tell what kind of job really fits into my interests. If it does not say ''analytics'' or ''data science,'' it becomes a lot harder. There seems to be a very sharp distinction in that most of the jobs using those titles require a very high level of familiarity with very specific tools.
As a student, it is challenging to know what I should be searching for other than looking for more general IT or database jobs that are actually big-data design problems called something else.
I am in my second year, so I am very actively job hunting right now. I am hoping I get good answers from this conversation because it has been a challenge for me.
''IT IS AN EXCITING TIME WHERE THERE IS SO MUCH DATA AVAILABLE TO PLAY WITH, TO MASH UP AND MERGE IN NEW AND INTERESTING WAYS.''
NEXT GENERATION OF DATA SCIENTISTS Dumbill et al.
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Shelly Farnham: One of the challenges is that data science is not agnostic of domain. For example, when we are looking for people, interns or full-time people on our team, we definitely look for people who have experience analyzing data, but they also should be deeply engaged with the topic of social media. I know in the health industry and dealing with health data, that is a very different problem. So it would not make sense to hire somebody who spent the past four years studying health data. I think that the domain knowledge is a very important aspect of what we are looking for.
Elizabeth D. Liddy: When I think about the field, representatives from companies who come to interview and are looking to hire our students, one of the largest areas is in the financial industry as well as in the consulting fields. If they are consulting for a number of other large companies, there could be great variety there, but many of the companies who are going to them for consulting are saying, ''Do you have data scientists on your payroll?''
Another area that has come looking is universities-either the CIO office, or, in at least one university I know of, the library has assumed the responsibility for managing all the research data for that university. Now of course there are all the requirements from NIH, NEH, and NSF, that if you write a proposal and you are a big university doing lots of research, you have to have data-management plans for every one of those projects.
So if you are the central place at that university, whether it is the CIO or the library, there are some who have told us that they will be in line to hire everyone we graduate. That is not a very specific response, but I think it is an indication.
Jeff Stanton: I have a little bone to pick with hiring managers though. I did a little study of the advertisements like in one of the big online places where they advertise jobs and people can upload their resumes. And a lot of the jobs, which looked like data-science positions, required a computer science degree. To me that is sort of misaligned. Yes, a lot of computer science graduates are good with languages. They might be great Python programmers, for instance. But that is not the whole package. So as more of these data-science educational programs come online, I think we have a bit of an educational job to do with talking to hiring managers, talking to HR people to help them understand where the talent can come from, not just computer science. Kate Mueller: What has prompted me to come back into the field is that I really like solving problems. Even as an English major, I always read for structure. Structure was what was interesting to me. I was a terrible writer because plot was irrelevant. But what I find is that that sense of analysis and enjoying the puzzle and enjoying trying to solve it translates so much better, not in terms of job prospects, but just in terms of day-to-day interest in this field than it ever did on the English side of it.
I also have the added bonus of having worked in the industry doing database work, and so I come to it with a fairly strong understanding of how data works itself and having done very small-scale level analytics, but being very steeped in the broadcasting industry. To say that only computer science people make good big-data experts or good data analysts is missing the boat in terms of people who see the structure underlying things and solve problems even if they do not have really high-level technical skills.
Jeff Stanton: Kate mentioned one really important thing that I will emphasize. We did a panel at a recent conference where we talked about the skills that data scientists need. One of the key things that came out in almost everybody's discussion was communication. A lot of times you have mounds of data and you need to be able to translate that, in effect, for consumption by managers and other people and to be able to ''SO AS MORE OF THESE DATA-SCIENCE EDUCATIONAL PROGRAMS COME ONLINE, I THINK WE HAVE A BIT OF AN EDUCATIONAL JOB TO DO WITH TALKING TO HIRING MANAGERS.'' Dumbill et al. communicate clearly, to be able to tell a story with the data. That is really a critical skill.
Edd Dumbill: That brings up something that Kate mentioned earlier about how different people have different sorts of primary skills, and that would be the data palette you mentioned. As you see people go into industry, do you see data scientists working solo or with complementary skills coming together to be a data team? Do you see both or does the team philosophy predominate?
Shelly Farnham: I would say as a data scientist you end up collaborating with people who are not. Certainly in my industry, I might be working with a designer or a developer or an IT person.
And, coming from social media, I wanted to mention a couple of other areas. We see a lot of people with degrees in human-computer interaction, who also have these data analytics skills, or there is a new term that has been emerging lately, computational social science.
Elizabeth D. Liddy: One other aspect of this I might add, and I like what Shelly says here about the computational social scientists. A lot of the data that I have ever worked with is textual data. What is amazing is the huge amounts of textual data that is available for analysis, interpretation. A lot of the work I did in the past was for the intelligence agencies, and there is just tons of data, way too much for anyone to be able to read and get a picture either of an organization, or of an individual. But by doing the natural language processing of it, particularly the sentiment analysis, the emotional side, you are able to provide insight and answers very quickly that would have taken analysts days and weeks of reading in order to come up with a similar picture.
Edd Dumbill: Right. Communicating this can be interesting though. You mentioned that a lot of financial companies are looking to hire. That is of course because they know they have a lot of data. But the kind of things you are talking about may be obvious to the intelligence community right now, but when you are talking to organizations, what about expectations for employing data scientists, and what kind of expectations do you give them that they will be able to do if they have a data science team?
Jeff Stanton: At the entry level, for the most part, they are looking for people who can work with particular tools, as Kate mentioned before. So they need someone who can hit the ground and be productive pretty quickly. But that actually contrasts with a more experienced or higher level employee, someone who might have already been employed in the area before and has gotten data-science skills added onto their skill set.
What I found there is that employers are looking for generalists who can create bridges between the different areas. Often, you find the hardware people and the analytics people do not speak the same language. So how do you actually get a project to work?
One of the things that we have tried to do is to allow our students to have specializations in the curriculum, and project management for instance is one of those specializations. A good project manager who has skills in data science and other areas is a very valuable asset because that is the kind of person that you need to oversee the level of complexity that is coming out of these projects.
Edd Dumbill: One of the follow-up questions I have is around the development of a career path. With these kind of generalist and projectmanagement skills you are mentioning, it sounds like you almost have the expectation that it might be the data science people that end up climbing up the ladder to pretty strong management positions in the end?
Jeff Stanton: That is definitely true. There is, in some sense, a parallel to the evolution of the CIO. I do not know how many years we have to go back before we started to really see that C-level position be very common and popular in companies. But Chief Data Officer is actually a position that I have seen named at a few places. But I do not think it is very common yet. If we check back in five years or seven years, I bet we will see a number of places that have Chief Data Officers.
Edd Dumbill: A lot of people who may be reading this may not be data scientists yet, but have a peripheral interest from some other career angle. If people have been working in IT already or they have been working in business intelligence or finance or library science, etc., are there any tips? How would you brief people to say this is how you get into big data?
Jeff Stanton: My advice would be to, first of all, have a direction where you want to go. I think we heard from Kate before that from such a rich palate of opportunities, you need to make a few preliminary decisions about what industry or sector or problem area that you would like to be in. As we discussed before, that will guide the extent to which you need to work on your domain skills. 
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If you have been working in financial services but you have a hankering to do genomics, you have got a little bit of work to do to come up to speed there. Then the other thing is just to do an inventory of the kinds of skills that you would need in that position.
As I mentioned before, you get some people that are great in writing programs in a certain language, but maybe they do not have much of a background in statistics or visualization. So they know that they would need to pick out a program to go where they would be able to polish those skills. Jeff Stanton: We have a remedy for that, by the way.
Edd Dumbill: What is that?
Jeff Stanton: We published a free e-book, an electronic textbook that people can download for free either on their iPad or as a PDF, available at http://ischool.syr.edu/ datascience It is like a gentle introduction to data science. It is pretty fun and it is light. It is really aimed at people who do not know or who may be fearful of that dry, mathematical world.
Edd Dumbill: This is a great wrap-up note in many ways, because we have discussed that you can apply data science to any domain and have a lot of fun doing it as well. So as we come to the end of this, could I ask for a few closing remarks from the group? Elizabeth D. Liddy: It is a new area, and I think what is going to happen is probably every week or so we are going to hear about another field that has recognized, if they have not already, how important understanding and being able to utilize large datasets is to their field.
Jeff Stanton: I would close by saying that if you are old enough to remember the energy crisis of the 1970s, I think we have a modern data crisis, where there is way too much data and not nearly enough people to help us sort through it. If we do not get a handle on that, we are wasting a precious resource. Just like energy is a precious resource, data is a precious resource if we simply collect it and then let it sit around unused.
Kate Mueller: One of the things that keeps me the most interested in the field is because data is so prevalent, there is a huge potential for that data to serve a larger purpose. So you see things like follow-ups to the human genome project and the encode project. You see things like more advanced disaster response systems that incorporate social media aspects. You see smart energy grid development in which renewable energy sources can be implemented, integrated, and monitored in real-time and you can be much more responsive to outages and things like that.
That, to me, is what is the most interesting. It is not necessarily that we have all of these tools, but the end purposes that are now possible because of the quantity of data that we have, because of the sophistication of the tools that we have. That is what keeps the field so engaging and interesting and, frankly, why I hope we get a lot more students who start jumping into it, because there is so much possibility here; it is so young, but there is so much to work with.
